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[57] ABSTRACT 

An integrated circuit functions as an image detector provid- 
ing an output signal representing the detected image. A two 
dimensional array of sensor cells is formed in rows and 
columns. A digital tuning control means has outputs for 
providing timing signals. An address encoder is coupled to 
receive timing control signals from the digital timing control 
means. Each sensor ceil has a photodiode and a first tran- 
sistor having a first gate and having a source/drain circuit for 
precharging the cell and a second transistor having a second 
gate and a source/drain circuit for reading from the photo- 
diode. The sensor cells are adapted for sensing electromag- 
netic radiation incident thereon. A plurality of sensor data 
amplifiers receives data from the cells. Means is provided 
for reading data from the cells into the sensor data 
amplifiers, and the sense amplifiers include an output circuit 

22 Claims, 8 Drawing Sheets 
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MOS FET CAMERA CHIP AND METHODS 
OF MANUFACTURE AND OPERATION 
THEREOF 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to semicond uctor integrated circuits 

chips and more particularly to MOSFET camera chips and 
methods of manufacture thereof. 

2. Description of Related Art 

U.S. Pat No. 5345.266 of Denver for •'Matrix Array 
Image Sensor Chip" shows a matrix array image sensor 
integrated circuit chip with a an image integration cell 
comprising a photodiode having its anode grounded and its 
cathode connected to the source of a single NMOS transis- 
tor. The drain of the NMOS transistor is connected via a bit 
line to the drain of a remotely located PMOS transistor 
which has its source connected to a power supply voltage 
Vdd. The control electrode of the NMOS transistor is- 
connected to a word line. 

U.S. Pat No. 5.016,108 of Akimoto et al for "Solid-State 
Imaging Device Having Series-Connected Pairs of Switch- 
ing MOS Transistors for Transferring Signal Electric 
Charges Therethrough" shows an imaging device having 
pairs of MOS devices associated with a photodiode in a 
matrix of pixels. The pair of MOS transistors have their S/D 
circuits connected in series with the photodiode between 
signal line from the horizontal shift register and have their 
gate electrodes connected to the same gate line from a 
vertical shift register. 

U.S. Pat No. 5,043.820 of Wyles for "Focal Plane Array 
Readout Employing One Capacitivc Feedback Transimped- 
ance Amplifier for Each Column** shows a unit cell of with 
a detector input circuit connected to the node between a 
grounded capacitor and the S/D circuit of an MOS device 
which operates as a switch with its control gate connected to 
a horizontal signal line. 

Additional references include 

U.S. Pat No. 5389,971 of Ishida et al for 'Image Sensor 
Provided on a Chip and Having Amplifying Means;** 

U.S. Pat. No. 5.153,420 of Hack. 5,382.977 of 
Kozlowski; 

U.S. Pat. No. 4,680.476 of Berger for 'Photosensitive 
Row Transfer Device Provided with Negative Feedback 
Amplifiers"; 

U.S. Pat. No. 5,165,075 of Hiroki et al for "Electro-Optic 
Device Having Pairs of Complementary Transistors"; 

U.S. Pat. No. 5.109,155 of Mukainakano et al for 'Semi- 
conductor Image Sensor with an Integrated Voltage Regu- 
lator"; 

U.S. Pat No. 5.019,820 of Matsuzawa for "Serial-Parallel 
Type A/D Converter Having Reference Resistor Chain and 
Current Source Array**; and 

U.S. Pat No. 5.019,702 of Ohzu et al for '•Photoelectric 
Transducer Apparatus Having a Plurality of Transducer 
Elements and a Plurality of Capacitor Elements". 

Use has been made of two transistors in a photodiode 
array sensor array in the case of Akimoto et al, with the two 
source/drains circuits of transistors connected in series with 
their control gates connected together with a photodiode 
formed in a P well but location of the type of the MOS 
transistors not described. 

SUMMARY OF THE INVENTION 

An object of this invention is to provide an integrated 
circuit which functions as an image detector which employs 
two transistors in a photosensor pixel array with reduced 
parasitica. 
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Another object of this invention is to provide a photo- 
sensor pixel array with an integrated power amplifier on the 
chip. 

A further object of this invention is to provide a photo- 

5 sensor pixel array which provides an output signal which is 
a measure of the strength of focus of the image. 

Still another object of this invention is a photosensor pixel 
array comprising a part of an autofocus system. 
One way of deterrnining the strength of focus is by 

10 comparing the contrast (i.e.. the difference in signal 
intensity) of the output from adjacent sense cells (or adjacent 
groups of sense cells). The larger the difference in signal 
intensity, the stronger the focus. 
The strength of focus may be used in a camera chip 

15 system to determine that position of an external lens which 
provides maximal focus of the incident light (and image) to 
the chip sense-array surface. Hence, it may be used to allow 
the camera chip to autofocus. i.e.. automatically self -adjust 
to provide a maximally focussed image. 

An example of a camera autofocus mechanism is shown 
in the configuration in FIG. 8 in which a light beam 62 is 
directed through a camera lens 63 as focussed beam 62' 
towards the surface of a sense-array chip 64. FIG. 8 illus- 

25 trates a feedback system in which an electromechanical 
device (e.g.. a miniature motor 67) is used to operate a 
conventional mechanical linkage 68 shown in phantom to 
adjust the distance between the camera lens 63 and the 
sense-array surface of the chip 64. The motor control block 

^ 65 receives a signal F (Focus) on line 64' from the camera 
chip 64. Control block 65 provides a signal on line 65* which 
controls the motor 67 energizes mechanical link 68 to adjust 
the distance along the direction of the dotted line arrows 
between the chip 64 and the lens 63. step-wise, in that 

35 direction which increases the value of F (Focus). As this 
process of focussing operates continually, (he camera is kept 
in maximal focus continually. 

An important feature of this invention is a fully integrated 
system with a power amplifier and display drive devices 
incorporated on an integrated circuit chip. 

Another object of this invention is to provide an inte- 
grated circuit which functions as an image detector which 
provides an output signal representing the detected image 
with a two-dimensional array of groups of sensor cells. 

45 wherein each of the sensor cells has a photodiode and a pair 
of transistors for writing to and reading from the photodiode, 
the cell sensing incident electromagnetic radiation. Sense- 
amplifiers are associated with the cells. 
In accordance with this invention an integrated circuit 

50 functions as an image detector which provides an output 
signal representing the detected image, A two dimensional 
array of sensor cells is formed in rows and columns. A digital 
timing control means has outputs for providing timing 
signals. An address encoder is coupled to receive timing 

55 control signals from the digital timing control means. Each 
sensor cell has a photodiode and a first transistor having a 
first gate and having a source/drain circuit for precharging 
the cell and a second transistor having a second gate and a 
source/drain circuit for reading from the photodiode. The 

60 sensor cells are adapted for sensing electromagnetic radia- 
tion incident thereon. A plurality of sensor data amplifiers 
receives data from the cells. Means is provided for reading 
data from the cells into the sensor data amplifiers, and the 
sense amplifiers include an output circuit 

65 Preferably, the first transistor has the source/drain circuit 
thereof connected to a biasing potential with the gate elec- 
trode connected to a source of a precharge control signal. 
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Preferably, the second transistor has the source/drain oxide layer is formed over the substrate including the pair of 
circuit thereof connected to a the pixel sense amplifier and regions and the central region. A precharge transistor for 
the second gate electrode is connected to a source of a precharging the cell having a precharge control gate dec- 
easing control control signal for activating reading of the erode formed above the first channel region. The first control 
cell. 5 gate electrode extends between the central region and a first 

Preferably, automatic gain control means is provided °? e of * c £ re ^f- * '?*d transistor for reading 

having an input connected to the output of the output sensor ^Jj'f^fT^ 0 ^ havm * a *? asm S con * 01 *! te 

. 6 .. fi *^ ^ v electrode formed above the second channel region, the 

amp crs ' second control gate electrode extending between the central 

Preferably, automatic exposure control means is con- region and the other one of the pair of regions. A photodi ode 

nected to an output of the sensor data amplifiers. A precharge 10 is fonncd # ^ interface between the substrate and the 

circuit has an input connected to the output of the automatic central region. The photodiode is exposed for sensing inci- 

exposure control means. The precharge circuit has an output ^ electromagnetic radiation. 

coupled to precharge the gate of the first transistor. Preferably, the first one of the regions is connected to a 

Preferably, the sense amplifiers include a matched self- |5 bias potential. The cell is adapted to be read at a read time. 

biasing circuit. Means for providing coordinated tuning control of pre- 

PreferabLy. the sense amplifiers include a first set of charge signals for the precharge control gate and sensing 

transistors connected to form an amplifier circuit and a control signals for the sensing control gate. The precharge 

self-biasing circuit including a second set of transistors control gate is energized for an interval prior to the read 

connected in the same configuration as the first set to provide ^ time. The read gate is energized at the read time. 

a continual current bias to the first set of transistors. Preferably, the doped semiconductor body comprises a 

Preferably, the outputs of the sense amplifiers are con- P-doped body, and the central region and the pair of adjacent 

nected through a multiplexing system to the input of an regions are N+ doped regions. 

automatic gain control circuit; and the output of the sense In accordance with another aspect of this invention, a cell 

amplifiers is connected to the input of an automatic gain 25 for an integrated circuit which functions as a black level 

control circuit. calibration circuit for an image detector which provides an 

Preferably, the automatic gain control circuit includes a output signal representing a single pixel of a detected image, 

programmable gain amplifier and a level detector both the integrated circuit is provided. A sensor cell comprises a 

connected to receive the pixel data stream from the sense doped semiconductor body doped with a first type of 

amplifiers, and a gain register connected to receive a gain 30 impurity, a central region formed in the body doped with an 

adjustment signal from the level detector used to adjust the opposite type of impurity, and a pair of additional regions 

gain of the programmable gain amplifier. formed in the body doped with the opposite type of impurity. 

Preferably, the automatic gain control circuit includes a tnc P 4 ^ °* additional regions are formed in the body spaced 

programmable gain amplifier comprising a plurality of cur- away from the central region to form first and second 

rent mirror circuits connected in parallel providing a plu- 35 MOSFET channel regions therebetween. A gate oxide layer 

rality of output signals. IS formed over the substrate including the pair of regions and 

Preferably, the plurality of output signals are connected to mc ***** ^P 00 - A F^arge transistor precharges the cell 

a summing circuit connected to a load resistor. and has a precharge control gate electrode formed above the 

Preferably, a black level reference current is subtracted "#* \** ^^f^^^^ 

)m each of the plurality of output signals in the summing 40 bctwecn * c . r * 10 f n and * *f 0DC * f * e ^ # of 

r ' *^ 0 0 regions. A read transistor for reads charge from the photo- 

diode having a sensing control gate electrode formed above 

Preferably, automatic gam control means is provided ^ channel the second CQntrol flte electrode 

having an mput connected to the output of the output sensor extending between the central region and the other one of the 
data amplifiers. 45 pair of regions. A photodiode is formed at the interface 
Preferably, automatic exposure control means is con- between the substrate and the central region. The photodiode 
nected to an output of the sensor data amplifiers. A precharge i s shielded from being exposed for sensing incident electro- 
circuit has an input connected to the output of the automatic magnetic radiation. 

exposure control means. The precharge circuit having an Preferably, the black level calibration circuit for the image 

output coupled to precharge the gate of the first transistor. 50 detector comprises a sensor cell with a semiconductor body 

Preferably, the sense amplifiers include a matched self- doped with a first type of impurity. A central region is 

biasing circuit; and the sense amplifiers include a first set of formed in the body doped with an opposite type of impurity, 

transistors connected to form an amplifier circuit and a A pair of additional regions is formed in the body doped with 

self-biasing circuit including second set transistors con- the opposite type of impurity, the pair of additional regions 

nected in the same configuration as the first set to provide a 55 are formed in the body spaced away from die central region 

continual current bias to the first set of transistors. to form first and second MOSFET channel regions therebe- 

In accordance with this invention, a cell far an integrated tween. A gate oxide layer formed over the substrate includes 

circuit which functions as an image detector which provides the pair of regions and the central region, A precharge 

an output signal representing a single pixel of a detected transistor for precharging the cell has a precharge control 

image, the integrated circuit is provided. A sensor cell 60 gate electrode formed above the first channel region, the first 

comprising a doped semiconductor body doped with a first control gate electrode extending between the central region 

type of impurity, a central region formed in the body doped and a first one of the pair of regions. A read transistor for 

with an opposite type of impurity, and a pair of additional reading charge from the photodiode has a sensing control 

regions formed in the body doped with the opposite type of gate electrode formed above the second channel region, the 

impurity. The pair of additional regions are formed in the 65 second control gate electrode extending between the central 

body spaced away from the central region to form first and region and the other one of the pair of regions. A photodiode 

second MOSFET channel regions therebetween. A gate is formed at the interface between the substrate and the 
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central region. The photodiode is shielded from being In FIG. 1, a digital timing control circuit 10 provides 

exposed for sensing incident electromagnetic radiation. timing output signals on lines 11. 11a. 17 and 31 and circuit 

10 receives input on line 9a from an external clock 9. Those 

BRIEF DESCRIPTION OF THE DRAWINGS timing signals are provided to other circuits on the chip 8. In 

5 particular, line 11 is connected to provide conventional 

The foregoing and other aspects and advantages of this timing signals to a conventional address encoder 14. Line 

invention are explained and described below with reference lla p^vides conventional timing signals to a precharge 

to the accompanying drawings, in which: timing control circuit 25. Line control 17 provides timing 

FIG. 1 shows the top level schematic, functional block signals to an array of Pixel Column Amplifier (PCA circuits) 

diagram of an image detector system chip in accordance 19 for synchronization of a multiplexer circuit therein. Line 

with this invention 31 k connected to an output power amplifier and multiplexer 

FIGS. 2A and 2B. show photosensor circuits in accor- 32 fof synchronization of the multiplexer circuit 

dance with this invention. ^f 111 * . . . , A j * a. *• • i 

. . ^ L The address encoder 14 responds to the timing signals on 

FIGS. 2C and 2D. show the timing signals of the pre- inpixX ^ u to aD output ^ Une 15 containing 

charge voltage signal PC and the sensing control voltage 15 atWrcss signah for ^ photosensor pixel array (PPA) 16. 

V of the photosensor circuits. The address signals are sent in a conventional, scanning time 

FIG. 3 shows a set of pixel column amplifiers, i.e. sense sequence to operate the system in a coordinated fashion, 

amplifiers, and an output interface which connects to the The address encoder 14 also sends signals to black-level 

automatic gain control circuit which is shown in FIG. 5. calibration circuit 27. 

FIG. 4 shows pixel array column sense amplifiers for the 20 Black-level calibration circuit 27 performs the function of 

system of FIG. 1 with one sense amplifier which is one of providing a signal output on line 28 which indicates the 

a set of identical pixel sense amplifiers in the block. equivalent signal strength from a photodiode PD' in com- 

w-TTf~i - . « | » • • , Attt plete darkness. Circuit 27 receives tuning input signals on 

FIG. 5 shows block diagram of an AutomaUc Gam ^ ^ from ^ 1Q 4^*^ on Lc 26a 

Control (AGC) circuit in accordance with this invention a froraprecnarge timing control circuit 25, and an output on 

which includes a Programmable Gain Amp liner (PGA) a iin C 24 from AEC circuit 23. 

level detector and a gain register. Photosensor pixel array (PPA) 16 includes an array of 312 

FIG. 6 shows the block diagram of the Programmable columns and 287 rows of photosensor cells and associated 

Gain Amplifier (PGA) shown in FIG. 5. circuits which are scanned by the address encoder signals on 

FIG. 7 is a detailed schematic diagram of a power 30 line 15. The outputs from PPA 16 are supplied on cable 18C 

amplifier circuit in the system of FIG. 1. *° Column Amplifiers 19. FIGS. 2A and 2B show 

„ , , - . an example of one of the photosensor cells 16' in PPA 16 

FIG. 8 shows an example of a camera auto ocus mecha- ^<£Zutes with its p ^ todiodc PD wbjch h cncrgizcd 

nism is shown in the configurauon m which a tight beam is ^ ^ ce of i^^on XL, as described in detail 

directed through a camera lens as a foc^ssed beam directed ^ ^ M afld ffl ^ circuits in 

towards the surface of a sense-any chip with a feedback 35 accordance ^ ^ HGSt 2C m<x ^ show me 

system in which an electromechanical device to adjust the sj . rf me ^ volta si ^ pc ^ ^ 

distance between the camera lens and the sense-array sur- $ ^ ysc of me photosensor circuit 16 - 

face of the chip. Referring again to FIG. 1. whereas input line 15 from 

FIG. 9 shows an Automatic Exposure Control (AEC) ^ CDCO der 14 suppties the addressing signals to the photosen- 

circuit adapted for use in the system of FIG. 1. sor pixel m&y (PPA) 16 ^ described above, a precharge 

FIG. 10 shows a black-level calibration circuit with a voltage signal PC is supplied to PPA 16 on line 26 from 

dummy photosensor circuit and a pixel column amplifier. precharge timing control circuit 25 during the time interval 

FIGS. 11A and 11B shows a dummy photosensor circuit from time tl to time t2 in FIGS. 2C and 2d during which 
resembling the regular photosensor circuit shown in FIGS. 45 time interval, the signal on line 26 switches remotely located 

2A and 2B. transistors Tc and Tc' shown in FIG. 2A. as described below 

in greater detail in connection with FIGS. 2A-2C. Transistor 

DESCRIPTION OF THE PREFERRED Tc Jg turned on m6 transistor Tc* is turned off, and this 

EMBODIMENT energizes line PC, which turns on transistor Ta. During the 

FIG. 1 shows the top level schematic, functional block 50 other time intervals (tO to tl and t2 to t4), the signal on line 

diagram of an image detector system chip 8 in accordance 26 turns off transistor Tc and turns on transistor Tc*, so that 

with this invention. This image detector system chip 8 line PC is deenergized, and transistor T fl . is turned off. 

includes several sets of circuits including a CMOS photo- The PPA 16 resembles a RAM (random access memory) 

sensor pixel array 16, an Automatic Exposure Control in the way it is accessed. Referring to FIG. 2A, the bit line 
(AEC) circuit 23 and an Automatic Gain Control (AGO 55 function is performed by the signal on line 18, while the 

circuit 21 . word Une function is performed by the voltage signal on 

The only critical electrical inputs to the entire chip 8 are line PC (during the Write/Precharge) cycle, and voltage 

a 5-volt source (AVD signal source. 1.1 V or V DD ) and signal V sc on line SC (during the Read/Sense) cycle). The 

the associated ground line (AVS or V S5 ) and a clock signal PPA 16 is read row by row sequentially. When a row is being 
which may be derived from an external clock 9 which may 60 read, the pixels in that row are scanned sequentially. Le., 

be a quartz crystal resonator. The image chip 8 provides an column by column in the conventional manner, 

output signal on line 33 comprising a composite video signal Referring to FIG. 1, PPA 16 has an output cable 18C. 

which contains the moving image information detected by Cable 18C has 3 12 bit output lines which supply output 

the image detector chip 8. The video signal conforms to signals from the 312 columns of sensors 16' in the PPA 16 
existing video standards (PAL. NTSC. SEC AM) and thus 65 to a matching set of 312 amplifiers in pixel column ampli- 

the output signal on line 33 is adapted to be fed directly to fiers (PCA circuit) 19. which are illustrated in FIGS. 3 and 

a television video-in port 4. 
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The PCA circuit 19 receives an array of input signals from incident-light senses in the form of the photodiode PD 

the output cable 18C from pixel array 16. The PCA circuit formed in and on the P- doped silicon semiconductor sub- 

19 receives a timing input on the line 17 from digital timing strate 35. 

control circuit 10. Referring to FIG. 3, each of the amplifiers Referring to FIG. 2A. photosensor cell 16' serves as a 

AO, Al . . . A311 in PCA circuit 19 sequentially amplifies a 5 detector for one pixel in the array of cells represented by 

signal from the pixels selected by the word line SC (FIG. photosensitive pixel array 16 in FIG. I. Cell 16* comprises 

2A) in one column of sensors 16' (in array 16), column by two MOS control transistors T fl and and the photosensor 

column for each row to provide sequential pixel information comprises photodiode PD. The drain D a of the first control 

on output line 20 to die AGC circuit 21, and the same transistor T a and the drain D fr of the second control transistor 

information signals are also provided, via line 22 from 10 x fc are both connected at node N rf to the cathode (N type 

amplifiers AO, Al . . . A311. to the Automatic Exposure region) of the photodiode PD. The photodiode PD is a 

Control (AEC) circuit 23. The AEC circuit 23 is able to conventional photodiode formed by a P-N junction which is 

determine the strength of exposure of the pixel array 16 from operated under reverse bias. 

the maximal and minimal strengths of the sequential pixel ^ jl of radiatioo directed towards 

informauon over a single frame, and can thus decide 15 PPA15 energizes me rAotodiodePD, the depletion region in 

whether or not there is over-exposure or underexposure of mc ^ pD tes ^0^^^ clcctroD . ho i c pairs, 

the pixel array 16, and whether to correct this over/under- and an electric current flows in the external circuit from node 

exposure. The degree of exposure of the pixel array 16 can N tQ d in mc convcntional of opcrat i on c f a 

be controlled by adjusting thedarauon of the tune interval photodiode Fa ^ ^odc ^ me photodiode PD is con- 

from time t2 to time t3 in FIG. 2D. 20 ncctcd t0 The negative terminal of D.C. power 

There are 312 pixel sense amplifiers AO. Al . . . A311 in supply source VI (+3.0 Volts) is also connected to ground. 

PCA 19. The outputs of the amplifiers AO, Al . . . A311 are The positive terminal of source VI is connected via line L6 

selectively multiplexed through a single output node N4, as to the source S a of first control transistor T a , so that when the 

seen in FIG. 3. The output signals on lines 20 are passed control gate electrode (gate) of the first precharge control 

through the AGC circuit 21 before being sent to an on-chip 25 transistor T a rises, the voltage VI is applied to node Nrf. 

power amplifier and multiplexer circuit 32. which receives which will precharge the node N rf to an initial voltage VI, by 

on line 31 a timing input signal from digital timing control means of showing a finite quantity of charge at node The 

10. gate of control transistor T a is connected to line PC which 

Referring again to FIG. 1, the precharge timing control is connected to the junction of the drains of a PMOS 

circuit 25 comprises a tuning control circuit which processes 30 transistor T e and an NMOS transistor T c \ The source of 

signals comprising timing inputs received on line 11a from PMOS transistor T c is connected to bias voltage V OT and the 

digital timing control circuit 10 and received on line 24 from source of NMOS transistor T c * is connected to ground. To 

AEC circuit 23. A first output line 26 from the precharge operate the first, control transistor T a , the gate of transistor 

timing control circuit 25 goes to the PPA 16 as the WRITE- T a is controlled via application to the gates of transistors T c 

CYCLE word-line 26 connected to the control gates of a 35 and T^ of a logic signal on line 26 from precharge timing 

PMOS transistor T c and a NMOS transistor T e ' as shown in control circuit 25. The precharge control voltage V^ at the 

FIG. 2A and as explained below herein in connection with gate of control transistor T fl is described below in connection 

FIG. 2A. with the description of FIG. 2C below. 

^ The precharge control voltage V PC serves as the "write" 

Pixel Array Photosensor Cell coatrol ^ mc nc cootrol voltagc Vsc 

Referring to FIGS. 2A-2D, in accordance with this serves as the "read" control of the photosensor cell 16\ The 

invention, in order to simplify the decoding and tuning gate of control transistor T 6 is connected to line PC to be 

logic, reading and writing to each photodiode PD in a pixel controlled which by the voltage at the junction of the drains 

array cell 16' is achieved by having more than one transistor, 43 of PMOS transistor T d and a NMOS transistor TJ. The 

e.g. control transistors T fl and T b associated with the pho- source of PMOS transistor T 4 is connected to bias voltage 

todiode PD. In a typical MOS implementation, this scheme V P£> and the source of NMOS transistor TJ is connected to 

is realized by using traasistors that share a common diffusion ground. The gates of PMOS transistor T d and NMOS 

area D as their drains. The diffusion area D functions at the transistor TJ are connected to be controlled by a logic signal 

interface with the substrate or well 35 as the photodiode PD. ^ on line 15' which is part of a cable 15 from address encoder 

In a contemporary process for 0.6 urn size device, the 15. The voltage level VSC at the gate of transistor T b is 

additional gate and source area required by having the two described below in connection with the description of FIG. 

control transistors T a and T b does not significantly increase 2D. 

device size, since the additional areas required for the FIG. 2C is an idealized diagram illustrating the trace of 

control transistors T 0 and T b are significantly smaller than 55 the precharge control voltagc V^ amplitude shown as a 

the common drain-diffusion area. function of time. Voltage V^ repeats in a cyclical pattern at 

FIG. 2A is an electrical schematic diagram of a portion of the repetition rate of the photosensitive pixel array 16, as 

a single photosensor cell 16' in accordance with this will be well understood by those skilled in the art In FIG. 

invention, which is the preferred embodiment of this inven- 2C, starting at time tO. the voltage V^ remains at a 

tioo. Cell 16* is a component of the photosensitive pixel 60 quiescent value near zero and then at time tl, V^ rises 

array 16 of FIG. 1. sharply in a square wave to a positive voltage which persists 

FIG. 2B is a partially schematic, sectional view of an fro » time H *° time & which positive voltage turns on first 

embodiment of the cell 16' of FIG. 2A, which is formed on control transistor T a so that it conducts current from source 

a P-doped silicon semiconductor substrate 35 having a VI. At time t2, the voltage Vpc drops sharply back to near 

surface covered by a coaventional dielectric layer GX 65 zero turning control transistor T a off again, 
comprising a silicon dioxide gate oxide (oxide) layer. The The control gate electrode (gate) of the second, sensing 

cell 16' includes MOS control transistors T a and T b and an control transistor T b is controlled via transistors T 4 and TJ 
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by the logic signal on line 15\ Line IS* is a part of cable 15 control transistors T a and T fr The optical lens LN comprises 

connected from the address encoder 14 to provide the a transparent polymer layer such as acrylate which can be 

sensing control voltage to the photosensor cell 16'. The formed by the process of chemical deposition and etching, 

voltage trace of the sensing control voltage is shown as Input light 1L passes through lens LN and is received as 

a function of time in FIG. 2D. FIG. 2D is an idealized 5 transmitted light IL' at the photodiode PD. 

diagram illustrating the voltage amplitude trace of sensing it can be seen that line L6 reaches down through the 

control voltage varying as a function of time. Trie same masking layer DK and gate oxide layer GX to contact the 

times tO. tl. t2 and t3 shown in FIG. 2C are indicated below source S a . and that line 18 reaches down through the 

the trace. Voltage also repeats in a cyclical partem at the masking layer DK and gate oxide layer GX to contact the 

repetition rate of me photosensitive pixel array 16, as will be 10 source S fr . Line 18 which comprises a portion of cable 18C 

well understood by those skilled in the art. FIG. 2D has the in FIG. 1 is connected from the source S b of transistor J b to 

same time coordinates as FIG. 2C to show the time delay the input of one of the amplifiers in pixel column amplifier 

between the pulses which energize the gates of the control amplifiers 19. 

transistors T e and T b . Th e dimensions of photodiode PD viewed from the sur- 

When the time arrives for reading the voltage in a given 15 face of the substrate 35 fall within a range of widths of 

cell 16, the voltage V^ c rises sharply in a square wave to a between about 5 urn and about 15 um and an equal range of 

positive value which persists from time t3 to time t4. to turn lengths of about 5 um and about 15 um. The capacitance is 

on transistor T^ After time t4. the voltage drops sharply between about 20 femtoFarads and about 50 femtoFarads. 

back to zero thereby turning off transistor T b . Note that time The leakage current is generally between about 1 nanoAm- 

t3 occurs a substantial time interval after time t2, when 20 an d about 400 nanoAmperes. depending on the inten- 

voltage drops, which gives node N d of the cell time 16' sity of the incident light IL. 

a time interval during which it can be discharged because of The sensor array 16 in FIG. 1 is configured like a memory 

the intervening conduction of the photodiode PD from node ( e< g t ROM) array. The analog information stored in each 

N d to ground, if incident light TL hits the photodiode PD. On ^asic cell (e.g. cell 16') in the array 16 is a measure of the 

the other hand if no light IL strikes the photodiode PD during 25 ljg^t intensity on that picture element (pixel). The array of 

the time from tl to tiine t3. then the voltage on node N rf information is scanned line-by-line, using sensing control 

remains high and the voltage on line 18 remains near 3 Volts. circuits, including the address encoder 14. to select the 

and the charge remains on node N rf during the time interval required pixels. 

t2-t3. In the preferred embodiment the information detected by 

In practice, the residual charge on node N d after the time each 0 f the photosensors 16' is amplified in pixel column 

interval t2-t3 varies inversely with the summed intensity of amplifiers 19by a long column of 312 Sense Amplifiers (AO. 

the incident light thereon during the timed interval t2-t3. a1 A311) shown in FIG. 3 before the signal goes to the 

Line 18, which comprises a portion of cable 18C in FIG. 1, Automatic Gain Control circuit 21 seen in FIG. 5. 
is connected from the source S b of transistor T b to a 

corresponding one of the PCA circuit 19. 35 Pixel Sense Amplifiers and Output Interface (PCA) 

FIG. 2B shows the sensor cell 16' of FIG. 2Ain an MOS FIG. 3 shows the block diagram of the PCA circuit 19 
n-channel photodiode implementation. which receives an array of inputs in parallel on cable 18C 
The control transistors T a and T b and the photodiode PD from the PPA 16 and which also receives digital timing 
share a common, N+ doped, drain region D in the substrate ^ signals on line 17 from digital trimming control 10. PCA 
35. The common drain region D includes the drain O a of the circuit 19 supplies multiplexed outputs on lines 20 and 22 to 
first control transistor T a . the N region (cathode) of the FN the AGC circuit 20 and AEC circuit 23. PCA circuit 19 
photodiode PD. and the drain D b of the second control comprises a set of sense amplifiers AO, Al, . . . A311 and a 
transistor T b . The common. N+ doped, drain region D multiplexer M17 output interface which provides output 
(which was formed by diffusion) is left exposed through gate 45 signals on line 20 to one input of the AGC circuit 21 and also 
oxide layer GX and through optical lens LN to incident light supplies an output on line 22 to the input of AEC circuit 23. 
IL so that photodiode PD can operate as a photodiode PCA circuit 19 is adapted to provide an output signal 
element The P region of P-N photodiode PD comprises the representing each line of scanned information, which is 
P- substrate 35. A voltage source VI (with a value of +3 multiplexed pixel by pixel on line 20 to the automatic gain 
Volts) shown in FIG. 2A is connected via line L6 to the ^ control circuitry 21 in FIG. 5. The multiplexing by multi- 
source S a (formed in substrate 35) of control transistor T a . plexer M17 of pixel information from the output lines L0, 
The source S b (formed in substrate 35) of transistor T b is LI. . . . L311 of the sense amplifiers AO. Al, ... A3 11 is 
connected by line 18 to a line in cable 18 connected to the performed by sequential operation of electronic switches 
pixel column amplifier 19. The other end of power supply indicated for convenience of illustration by the knife switch 
VI is connected to ground. 55 symbols K0, Kl, . . . K311 in a conventional multiplexing 
Control transistor T fl includes control gate G a formed over system. Digital timing signals on line 17 provide timing for 

gate oxide layer GX which, in combination with source the multiplexing of the switches K0, Kl K311. which 

region S fl and drain region D fl in substrate 35, forms the is indicated by the phantom line from timing control line to 

MOSFE? control transistor T a . Control gate G„ is connected those switches which will operate in a way well known to 

to precharge control line PC. Control transistor T b includes skilled in the art.) 

control gate G 6 formed over gate oxide layer GX and a The outputs from all of the switches K0. Kl K311 of 

source region S 6 and the drain region D fr in substrate 35 to multiplexer M 17 are connected through a common node N4 

form the MOSFCT device 1 b . Control gate G b is connected to output line 20 where the multiplexed data which com- 

to precharge control line SC. prises a pixel information stream which is transmitted to the 

A field oxide masking layer DK covers the remainder of 65 input of the AGC circuit 21 shown in FIG. 5. 

the cell 16* covering the surface of the gate oxide layer GX Operation of an individual pixel column sense amplifier is 

and a portion of the control electrode gates G a and G b of the same for each of the sense amplifiers AO. Al. . . . A3 11. 
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The input signal on line IS to the first sense amplifier 
circuit AO shown in FIG. 4 is connected via cable 18C to the 
input of the PCA circuits 19. Cable 18C includes 312 lines 
18. 18* . . . 18C ... 18" supplying signals from circuit 16 
to the respective inputs of sense amplifiers AO. Al. . . . A311 
in PCA circuit 19. 

Pixel Array Column Sense Amplifier AO 

FIG. 4 shows one sense amplifier AO which is one of a set 
of 312 identical pixel sense amplifiers AO. Al, . . . A311 in 
the block 19. The input to the sense amplifier AO is provided 
via output line 18 in cable 18C from one of the pixel 
photosensor cells 16* in FIGS. 2A and 2B. A feature which 
is an advantage of the sense amplifier AO is that it is 
self-biased. That advantage is implemented by providing 

each of the sense amplifiers AO, Al A311 with a 

self-biasing circuit Each sense-amplifier AO, Al, . . . A311 
has its own dedicated, matching FET bias circuit which 
comprises a matched, constant current bias circuit 61. The 
matchedbias circuit 61 includes a three transistor amplifier 
composed of FET transistors which provide a constant bias 
current on line 66 to the sense amplifier 60 with which it is 
associated. The proximity of the matched-bias circuit 61 to 
the sense amplifier 60 ensures process matching between the 
sense amplifier 60 and matched-bias circuit 61. This allows 
the overall sense amplifier AO to operate at or near, its point 
of highest gain. 

The constant current matched-bias circuit 61 includes a 
set of three FET transistors including PM OS transistor T3. 
NMOS transistor T4, and NMOS transistor T5 with the S/D 
circuits thereof connected in series between the bias voltage 
source Vdd and ground. The gates of transistors T3, T4 and 
T5 are connected together at node Nl. which is also con- 
nected to the junction of the drains of transistors T3 and T4. 
Node Nl is connected to the output line 66 of constant 
current circuit 61. From a different point of view, node Nl 
is connected via line 66 to the drain connection between 
transistors T3 and T4. as well as. being connected to the 
control gate electrodes of all three transistors T3, T4, and T5. 

Sense amplifier 60 is connected by input line 18 of cable 
18C to receive signals from the PPA 16. Input line 18 is 
connected to a node N2 in sense amplifier 60. Sense ampli- 
fier 60 includes three transistors T6. T9 and T8 which are 
matched with transistors T3. T4 and T5 of circuit 61. Like 
circuit 61. PMOS transistor T6, NMOS transistor T7. and 
NMOS transistor T8 have a set of S/D circuits connected in 
series between the bias voltage source Vdd and ground. The 
drains of PMOS transistors T6 and NMOS transistor T7 are 
connected together at node N3. In addition, the control gate 
of transistor T8 in amplifier 60 is connected to the output on 
line 66 from node Nl of constant current amplifier matched- 
bias circuit 61. Transistors T6, T9 and T8 of circuit 60 are 
matched with transistors T3. T4 and T5 of circuit 61. 

Each sense amplifier 60 includes a set of three FET 
transistors T6. T7, and T8 (matched to transistors T3, T4, 
and T5) with the S/D circuits thereof connected in series 
between bias circuit vdd and ground. Transistor T6 is a 
PMOS device and the other two transistors T7 and T8 are 
NMOS devices. The gate electrodes of transistors T6 andT7 
are connected to node N2. which is connected to the input 
line 18 from the photosensitive pixel array 16. The S/D 
circuits of transistors T6 and T7 are connected to node N3. 
A capacitor CI is connected between nodes N2 and N3. In 
addition, a conventional electronic switch S7, illustrated as 
a knife switch for convenience of illustration, is connected 
between nodes N2 and N3. The output of amplifier 60 
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provides an amplified voltage output via line L0. which 
comprises the output of amplifier AO (as shown in FIG. 3.) 

The mode of operation of the sense amplifier AO is 
described next Subcircuit 61 is a bias circuit which provides 
5 a constant gate voltage via line 66 to the gate electrode of 
transistor T8 in sense amplifier 60. This setup causes a 
nearly constant bias current to flow between the S/D termi- 
nals of transistor T8. 

The sense amplifier 60 is an inverting voltage amplifier. 
10 Before each sensing cycle, there is a "set-up M cycle in which 
switch S7 is turned on. and node N2 is at a high impedance 
level because the pixel charge is not yet applied through 
cable element 18. During this portion of the cycle, the nodes 
N3 and N2 are shorted together when switch S7 is turned on. 
15 and the amplifier 60 is briefly balanced in a high-gain state. 

Then switch S7 is turned off and the pixel charge is 
applied through cable element 18. The application of the 
pixel charge, if any. causes the voltage at the input node N2 
to change. 

20 

The inverting configuration of amplifier 60 then causes 
output line L0 to be driven to a voltage level corresponding 
to the voltage at node N2. 
In summary, the input to sense amplifier 60 includes the 

25 output line 18 from a photosensor cell 16' which is con- 
nected via a node N2 in FIG. 4 to the control gate electrodes 
of S/D series connected transistors T6 and T7. The S/D 
circuits of transistors T6 and T7 are connected in series 
between bias circuit Vdd and the drain of transistor T8. 

30 which is connected at its source to ground; with the drains 
of transistors T6 and 17 being connected together. Line 66 
from matched-bias circuit 61 provides the continual current 
bias to the control gate of transistor T8. from the bias on 
node Nl in matched-bias circuit 61. 

35 Referring again to FIG. 3. the pixel information voltage 
signal, the voltage of which has been pre- amplified by the 
column sense-amplifiers 19. as described above in connec- 
tion with FIG. 3. is multiplexed via node N4 and line 20 to 
the AGC circuit 21 which includes a Programmable Gain 

40 Amplifier 46 seen in FIGS. 5 and 6. 

Automatic Gain Control Circuit 

FIG. 5. shows the overall block diagram of the AGC 
circuit 21. The function of automatic gain control is per- 

45 formed (on the chip 8) using dynamic measurement by the 
level detector 42 of the maximum amplitude of the pixel 
information signal on line 20 from PCA circuits 19 to adjust 
to provide the appropriate adjustable gain level of K. Line 20 
connects to node N5 in the AGC circuit 21. Node N5 

so connects to line 40 to the FGA 46 and through line 41 to the 
input of level detector 42 which provides an output signal on 
line 43 which varies as a function on the maximum previ- 
ously measured voltage value of the pixel information 
stream. Black level calibration line 28 also connects to PGA 

55 46. 

The output of detector 42 is supplied on line 43 as a gain 
adjustment signal signal to the input of the gain register 
circuit 44 Gain register 44 stores the value of the signals as 
adjustable gain level of K which is supplied on output on bus 

60 45 to the Programmable Gain Amplifier (PGA) 46. That is 
to say that the PGA 46 is supplied on digital 7-bit bus 45 
with the adjustable gain level value K; and. adjustable gain 
level value K may take any non-zero 7-bit value, as 
described above. The value of K is determined dynamically 

65 by the feedback mechanism on the chip 8 which adjusts K 
to get a suitably amplified signal gain at line 29. line 24a 
supplies register 44 with a signal from AEC circuit 23 signal 
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The signal on line 24a indicates whether the exposure nected in parallel to voltage source VDD. PMOS transistors 

register 77 in the AEC circuit 23 in FIG. 9 has reached its Q3. Q5. and Q7 have their S/D circuits connected in parallel 

maximum or minimum allowed value. between voltage source VDD and matching NMOS transis- 
tors Q4. Q6. and Q8 with matching load resistors R2. R3. 

Programmable Gain Amplifier 5 and R4 to ground respectively. This means that the same 

The PGA 46 of FIG. S. which is shown in detail in FIG. c"""' wm flow *«"•* «<* of mese Ql Q3- 

6. comprises two circuits comprising a current mirrors Q 7 The current that flows through transistor Q3 will flow 

circuit 57 and a signal summing circuit 59 between input line int0 etoer of wo branches. Some of it will flow through 

40 and output line 29 NMOS transistor 04 connected in scries therewith; while 

The pixel information which has been pre-amplified by 10 Kloai r^ ?™V j s s k hunte ? to^gh Une 10 to the signal 

thecohL sense-amplifiers 19 has then beennnZplcxcd to fT^S^I^ *ZZ" T , ^Tln 

AGC 21 where inches the PGA 46 as a voltage input «■■«*> 10 u ;P"f**>«"! "> * e wlt »8 e at ^Thesame 

signal on line 40. The PGA 46 amplifies the voltage signal W^cs to the mirrored current in transistors QS. . 

r_ B "r .. . . . . . , „ -6 6 Q7 / aod me othej- transistors not shown in the array of 

by the adjustable gain value of K. , 5 seVwts) retched to transistor Ql which current passes 

Referring to the current nurror arcuito 57 line 40 is vja ^ n M |0 swiuttt . s S i . . . S 6 respectively in circuit 

connected to the gate of NMOS transistor Q2. the source of 5J> 

which is connected through resistor Rl to ground, so that a " . . .. ... .. . 

positive pixel signal will turn on transistorQ2. permitting . Jf sw,,c h SO is closed, then the current in line 10 is added 

current to flow merethrough. raising the potential on the l lfc ^ I> T ,1,gC,WU ^? ei ^r ^^ 
source of transistor Q2 because of the R voltage across 20 isconuoUed by ftepregramrnablegam , K (adjusuble gam- 
resistor Rl. The drain of transistor Q2 is connected at node level S «*>B> of * e circuit. As gam level K increases. 
N6 to both the drain and the gate of PMOS transistor Ql. ™» °' the switches SO-S6 are closed, and more current is 
The source of transistor Ql is connected to bias voltage Vdd. summed The summed current is hence proporaoad both to 
„. . . . ^ .? . the gain K of the PGA. as well as the voltage level at line 

J mce S C J? e •?* ™ ^J?? * ™™ 25 40 ™ s summed current is converted to a voltage (IR) 

N6. it wUI be low when transistor Q2 is off. keepmgPMOS ^ ^ one eDd of ^ „ „ me 

transistor Ql on. A series of seven PMOS transistors Q3. Q5. y * ^ h to mc a , me cnd 

. . . Q7 is connected dramto ^drain at seven nodes N7. N8. ^ load R7 connected between node 

. . . N9 to corresponding NMOS transistors Q4. 06. . . . Q8. NU and ^ OTn i 

The sources of those seven PMOS transistors Q3.Q5....Q7 M & 

are connected to bias voltage Vdd. The sources of the seven Automatic Gain Control Circuit 

NMOS transistors Q4. Q6 Q8 are connected through . . . „„ . . . 

seven corresponding resistors R2. R3 . . . R4 respectively to Automatic Gam Control (AGC) circuit 21 is shown in 
ground. The seven resistors R2. R3 . . . R4 have values of block ^gram form in FIG. 5. The AGC circuital has an 
about 2.000 ohms. The gates of PMOS transistors Q3. Q5. 35 Bnc » ^PP^S the output signals from PCA circuit 
. . . Q7 are all connected via line 8S to node N6. The gates 19 - as well as. another input line 28 from black level 
of the array of seven NMOS transistors Q4. Q6. . . . Q8 are calibration circuit 27. The AGC circuit 21 provides a pro- 
connected through line 28" and node N10 to Mack level cessed ™»P* si 8 nal on ° utoul une »• 0ut P ut b ™ 29 15 
calibration line 28. The black level reference current on line connected to the input of power amplifier and multiplexer 
28 is subtracted from each of the seven branches connected w «*«|« » to supply the processed output signal from AGC 
to node N10. Outputs from the current mirror circuits 57 are circuit 21 thereto. 

provided from the nodes N7. N8 N9 on seven lines 10. FIG. 6 shows the programmable gain amplifier circuit 46 

II 16 included within the cable 58 which connects to the which is part of the AGC circuit 21 which is described in 

signal summer circuit 59. greater detail below. Circuit which 46 has inputs on lines 28. 

Where the other end of cable 58 connects to the input of 4 s 40 and 45 provides 811 00,001 on **** 29 - 

the signal summer circuit 59. Unes 10. U . 16 connect ^ ^ Mult ^ exer 

respectively to switches SO, SI. . . . S6 which connect ^ 

respectively via lines GO. Gl G6 which connect into the FIG. 7 is a detailed schematic diagram of power amplifier 

current summing circuit E. which also receives the voltage and multiplexer circuit 32, which includes power amplifier 

source Vb= IV which is connected thereto through switch Sb 50 30. multiplexer 9 i and load resistor R9. Circuit 32 receives 

and line Gb. Switches SO. SI S6. Sb are shown as knife an input on line 29 from AGC circuit 21. and is connected 

switches for convenience of illustration. The current is to reference voltage line V^ to synchronizing input 31 from 

selectively summed by current summing circuit I (which is digital timing control circuit 10. and to black input line 93. 

a conventional current summing circuit), depending on the Amplifier and multiplexer circuit 32 provides a composite 

adjustable gain-level setting. K on bus 45. As K is a 7-bit 55 video signal on output line 33. 

valu e, if the ith bit of K is logic HX the corresponding switch Amplifier 30 comprises an on-chip power amplifier which 

Si is closed The output of current suinming circuit Z is enables the chip 8 of FIG. 1 to drive a standard television 

connected to node Nil and to one end of line 29 and across load with an analog (current) video signal on output line 90. 

a high-impedance load R7 connected between node Nil and Amplifier 30 includes a pair of PMOS transistors Pa and Pb 

ground. 60 having their sources connected to bias voltage and their 

Current mirror circuit 57 shown in FIG. 6 operates in the drains connected to nodes N12 and N13 respectively. Nodes 

manner described next. The current in FET NMOS transistor N12 and N13 are also connected to the drains of a pair of 

Q2 is determined by the voltage applied to its gate electrode NMOS transistors Na and Nb respectively. The gates of 

through line 40. The current through transistor Q2 also Sows transistors Pa and Pb are both connected to the node N12. 

through PMOS transistor Ql S/D and through the resistor 65 The gate of NMOS transistors Na is connected to input line 

Rl connected to its source. PMOS transistors Ql. Q3, Q5, 29 from AGC circuit 21. The gate of NMOS transistor Nb is 

and Q7 are matched transistors having their sources con- connected to a reference voltage The sources of NMOS 
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transistors Na and Nb are connected through resistors Ra 
and Rb respectively to ground. Node N13 is connected to 
supply on line 90 the output signal from amplifier 50 
comprising an analog video signal which is supplied via line 
90 to one of an input of multiplexer 91. 

In addition to the analog video signal on line 90 multi- 
plexer 91 receives a synchronizing input 31 from digital 
timing control circuit It. and the input from black input line 
93. The analog, video signal from line 90 is selectively 
multiplexed with synchronization signals to output a 
television/monitor-ready composite video signal on line 94 
across one end of load resistor R9 to the output line 33 from 
circuit 32. Load resistor R9 (37.5 ohm) is connected 
between line 94 and ground. 

Automatic Exposure Control Circuit 

As stated above, amplifiers AO. Al . . . A311 also provide 
an equivalent output signal on line 22 to the AEC circuit 23. 
The AEC circuit 23 shown In FIG. 9 processes the signal on 
line 22 using comparators 73, 73* which supply inputs on 
lines 74. 74' to a control logic circuit 75. The comparators 
73. 73' have inputs connected to line 22 to compare the 
signal on line 22 (from circuit 19) against fixed voltage level 
VI supplied to source 70 via line 71 and fixed voltage level 
V2 supplied to source 70* via line 71* to determine whether, 
if at all. the PPA 16 is over-exposed or underexposed. 

The outputs from the comparators 73. 73* arc fed to a 
control logic circuit 75 which provides an output on line 76 
to adjust the value in the exposure register 77 in AEC circuit 
23. The output signal on line 24 from exposure register 77 
is sent via line 24 to the second input to precharge riming 
control circuit 25. 

Another output signal from exposure register 77 is sent on 
line 78 to be processed by the combinatorial logic circuit 79 
within the AEC circuit 23 which supplies an output signal on 
line 24a to the second input to AGC circuit 21. The output 
line 24a from logic circuit 79 carries a signal to the AGC 
circuit 21. The signal on line 24a indicates whether the 
exposure register 77 has reached its maximum or minimum 
allowed value. 

Black Level Calibration Circuit 

Referring to FIGS. 1 and 10. 11 A and UB. the black-level 
calibration circuit 27 performs the function of providing a 
signal output on line 28 which indicates the equivalent 
signal strength from a photodiode PD* in complete darkness. 

The pixel column amplifier Tib amplifies the signal 18a 
from the dummy photosensor circuit 27a. The structure of 
the pixel column amplifier 77b is identical to the structure of 
the pixel array column sense amplifiers shown in FIG. 4 and 
described in detail below, which is incorporated here by 
reference. The amplified signal L0a from pixel column 
amplifier 276 is sent on line 28 to the Automatic Gain 
Control block 21. 

Referring to FIG. 10, the black-level calibration circuit 27 
comprises a dummy photosensor circuit 27a with input lines 
15a and 26a and a pixel column amplifier 276 connected 
through line 18a from dummy photosensor circuit 27a. 

The dummy photosensor circuit 27a shown in detail in 
FIGS. 11A and 11B resembles a regular photosensor circuit 
16' as seen in FIGS. 2A and 2B except that the photosen- 
sitive area, where photodiode PD" is located, is covered by 
one or more layers of metal MN (semi-opaque layers). This 
prevents most of the incident light IL H from reaching the 
photodiode PD*. and thus dummy photosensor circuit 27a 
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provides a signal reference on line 18a which corresponds to 
a signal on line 18 from a regular photosensor circuit 16* of 
a diode PD in FIGS. 2A and 2B which is in total darkness. 
While this invention has been described in terms of the 

5 above specific embodimcnt(s). those skilled in the art will 
recognize that the invention can be practiced with modifi- 
cations within the spirit and scope of the appended claims, 
i.e. that changes can be made in form and detail, without 
departing from the spirit and scope of the invention. Accord- 

10 ingly all such changes come within the purview of the 
present invention and the invention encompasses the subject 
matter of the claims which follow. 

Having thus described the invention, what is claimed as 
new and desirable to be secured by Letters Patent is as 

15 follows: 

1. An integrated circuit which functions as an image 
detector which provides an output signal representing the 
detected image, said integrated circuit comprising: 

a two dimensional array of sensor cells formed in rows 
20 and columns. 

digital timing control means with outputs there-frora for 

providing timing signals, 
an address encoder, coupled to receive riming control 
25 signals from said digital timing control means. 

each said sensor cell having a photodiode and a first 
transistor having a first gate and having a source/drain 
circuit for precharging said cell and a second transistor 
having a second gate and a source/drain circuit for 
30 reading from said photodiode. 

said first transistor source/drain circuit is connected to a 
biasing potential with said first gate connected to a 
precharge control signal source, 
said sensor cells being adapted for sensing electromag- 
33 netic radiation incident thereon. 

a plurality of sensor data amplifiers for receiving data 

from said ceils, 
means for reading data from said cells into said sensor 
40 data amplifiers, and 

said sensor data amplifiers including an output circuit. 

2. An integrated circuit in accordance with claim 1 
wherein said second transistor has said source/drain circuit 
thereof connected to a said pixel sense amplifier and said 

45 second gate electrode connected to a source of a sensing 
control control signal for activating reading of said cell. 

3. An integrated circuit in accordance with claim 1 
wherein automatic gain control means is provided 

having an input connected to said output circuit of said 
50 output sensor data amplifiers. 

4. An integrated circuit which functions as an image 
detector which provides an output signal representing the 
detected image, said integrated circuit comprising: 

a two dimensional array of sensor cells formed in rows 
55 and columns. 

digital timing control means with outputs there from for 
providing timing signals. 

an address encoder, coupled to receive timing control 
signals from said digital timing control means. 

each said sensor cell having a photodiode and a first 
transistor having a first gate and having a source/drain 
circuit for precharging said cell and a second transistor 
having a second gate and a source/drain circuit for 
65 reading from said photodiode. 

said sensor cells being adapted fox sensing electromag- 
netic radiation incident thereon. 
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a plurality of sensor data amplifiers fox receiving data 
from said ceils. 

means for reading data from said ceils into said sensor 
data amplifiers. 

said sensor data amplifiers including an output circuit 5 

automatic exposure control means being connected to an 
output of said sensor data amplifiers. 

a precharge circuit having an input connected to the 
output of said automatic exposure control means, and jo 

said precharge circuit having an output coupled to pre- 
charge said gate of said first transistor. 

5. An integrated circuit in accordance with claim 1 
wherein 

said sensor data amplifiers include a matched self-biasing 15 
circuit 

6. An integrated circuit which functions as an image 
detector which provides an output signal representing the 
detected image, said integrated circuit comprising: 

a two dimensional array of sensor cells formed in rows 20 
and columns, 

digital timing control means with outputs there from for 
providing timing signals. 

an address encoder, coupled to receive timing control 2 5 
signals from said digital timing control means. 

each said sensor cell having a photodiode and a first 
transistor having a first gate and having a source/drain 
circuit for precharging said cell and a second transistor 
having a second gate and a source/drain circuit for 30 
reading from said photodiode. 

said sensor cells being adapted for sensing electromag- 
netic radiation incident thereon. 

a plurality of sensor data amplifiers for receiving data 
from said cells. 35 

means for reading data from said cells into said sensor 
data amplifiers. 

said sensor data amplifiers including an output circuit 
said sensor data amplifiers include a first set of transistors 40 
connected to form an amplifier circuit and a self- 
biasing circuit including a second set of transistors 
connected in the same configuration as said first set to 
provide a continual current bias to said first set of 
transistors. 45 

7. An integrated circuit in accordance with claim 7 
wherein the outputs of said sense amplifiers are connected 
through a multiplexing system to the input of an automatic 
gain control circuit. 

8. An integrated circuit in accordance with claim 1 so 
wherein the output of each of said sensor data amplifiers is 
connected to the input of an automatic gain control circuit 

9. An integrated circuit in accordance with claim 8 
wherein said automatic gain control circuit includes a pro- 
grammable gain amplifier and a level detector both con- 55 
nected to receive the pixel data stream from said sense 
amplifiers, and a gain register connected to receive a gain 
adjustment signal from said level detector used to adjust the 
gain of said programmable gain amplifier. 

10. An integrated circuit in accordance with claim 8 60 
wherein said automatic gain control circuit includes a pro- 
grammable gain amplifier comprising a plurality of current 
mirror circuits connected in parallel providing a plurality of 
output signals. 

11. An integrated circuit in accordance with claim 10 65 
wherein said plurality of output signals are connected to a 
summing circuit connected to a load resistor. 



IX An integrated circuit in accordance with claim 11 
wherein a black level reference current is subtracted from 
each of said plurality of output signals in said summing 
circuit 

13. An integrated circuit in accordance with claim 12 
wherein automatic gain control means is provided having an 
input connected to the output of said output sensor data 
amplifiers. 

14. An integrated circuit in accordance with claim 13 
wherein automatic exposure control means is connected to 
an output of said sensor data amplifiers. 

a precharge circuit having an input connected to the 
output of said automatic exposure control means. 

said precharge circuit having an output coupled to pre- 
charge said gate of said first transistor. 

15. An integrated circuit in accordance with claim 13 
wherein said sense amplifiers include a matched self-biasing 
circuit 

16. An integrated circuit in accordance with claim 15 
wherein said sense amplifiers include a first set of transistors 
connected to form an amplifier circuit and a self-biasing 
circuit including second set transistors connected in the 
same configuration as said first set to provide a continual 
current bias to said first set of transistors. 

17. An integrated circuit in accordance with claim 16 
wherein the outputs of said sense amplifiers arc connected 
through a multiplexing system to the input of an automatic 
gain control circuit 

18. A cell for an integrated circuit which functions as an 
image detector which provides an output signal representing 
a single pixel of a detected image, said integrated circuit 
comprising: 

a sensor cell comprising a doped semiconductor body 
doped with a first type of impurity, a central region 
formed in said body doped with an opposite type of 
impurity, and a pair of additional regions formed in said 
body doped with said opposite type of impurity, said 
pair of additional regions being formed in said body 
spaced away from said central region to form first and 
second MOSFKT channel regions therebetween. 

a gate oxide layer formed over said substrate including 
said pair of regions and said central region. 

a precharge transistor for precharging said cell having a 
precharge control gate electrode formed above said first 
channel region, said first control gate electrode extend- 
ing between said central region and a first one of said 
pair of regions. 

said sensor cell including a photodiode. 

a read transistor for reading charge from said photodiode 
having a sensing control gate electrode formed above 
said second channel region, said second control gate 
electrode extending between said central region and the 
other one of said pair of regions, 

said photodiode formed at the interface between said 
substrate and said central region, and 

said photodiode being exposed for sensing incident elec- 
tromagnetic radiation. 

19. A cell in accordance with claim 18 wherein said first 
one of said regions is connected to a bias potential. 

said cell being adapted to be read at a read time. 

means for providing coordinated timing control of pre- 
charge signals for said precharge control gate and 
sensing control signals for said sensing control gate. 

said precharge control gate being energized for an interval 
prior to said read time, and 
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said read gate being energized at said read time. 

20. A cell in accordance with claim 18 wherein said doped 
semiconductor body comprises a P-doped body, and said 
central region and said pair of adjacent regions are N+ doped 
regions. 5 

21. A ceil for an integrated circuit which functions as a 
black level calibration circuit for an image detector which 
provides an output signal representing a single pixel of a 
detected image, said integrated circuit comprising: 

a sensor cell comprising a doped semiconductor body 10 
doped with a first type of impurity, a central region 
formed in said body doped with an opposite type of 
impurity, and a pair of additional regions formed in said 
body doped with said opposite type of impurity, said 
pair of additional regions being formed in said body 15 
spaced away from said central region to form first and 
second MOSFETT channel regions therebetween, 

a gate oxide layer formed over said substrate including 
said pair of regions and said central region. 

a precharge transistor for precharging said cell having a 
precharge control gate electrode formed above said first 
channel region, said first control gate electrode extend- 
ing between said central region and a first one of said 
pair of regions, ^ 

said sensor cell including a photodiode, 

a read transistor for reading charge from said photodiode 
having a sensing control gate electrode formed above 
said second channel region, said second control gate 
electrode extending between said central region and the 30 
other one of said pair of regions, 

a photodiode formed at the interface between said sub- 
strate and said central region, and 

said photodiode being shielded from being exposed for 
sensing incident electromagnetic radiation. 35 

22. An integrated circuit which functions as an image 
detector which provides an output signal representing the 
detected image, said integrated circuit comprising: 

a two dimensional array of sensor cells formed in rows ^ 
and columns. 

digital timing control means with outputs there from for 
providing timing signals. 
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an address encoder, coupled to receive timing control 
signals from said digital timing control means. 

each said sensor cell having a photodiode and a first 
transistor having a first gate and having a source/drain 
circuit for precharging said cell and a second transistor 
having a second gate and a source/drain circuit for 
reading from said photodiode, 

said sensor cells being adapted for sensing electromag- 
netic radiation incident thereon. 

a plurality of sensor data amplifiers for receiving data 
from said cells, 

means for reading data from said cells into said sensor 
data amplifiers, and 

said sensor data amplifiers including an output circuit, 

said circuit including a cell for an integrated circuit 
comprising: 

a sensor cell comprising a doped semiconductor body 
doped with a first type of impurity, a central region 
formed in said body doped with an opposite type of 
impurity, and a pair of additional regions formed in 
said body doped with said opposite type of impurity, 
said pair of additional regions being formed in said 
body spaced away from said central region to form 
first and second MOSFET channel regions 
therebetween. 

a gate oxide layer formed over said substrate including 
said pair of regions and said central region. 

a precharge transistor for precharging said cell having 
a precharge control gate electrode formed above said 
first channel region, said first control gate electrode 
extending between said central region and a first one 
of said pair of regions, 

a read transistor for reading charge from said photo- 
diode having a sensing control gate electrode formed 
above said second channel region, said second con- 
trol gate electrode extending between said central 
region and the other one of said pair of regions. 

a photodiode formed at the interface between said 
substrate and said central region, and 

said photodiode being shielded from being exposed for 
sensing incident electromagnetic radiation. 

***** 
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